Introduction
write that "The effectiveness of recovery plans for endangered species can be improved through incorporation of dynamic, explicit science in the recovery process, such as strongly linking species' biology to recovery criteria." Lack of connection between species biology and recovery criteria limits recovery success (Abbitt & Scott 2001; Clark et al. 2002; Gerber & Hatch 2002) . This is a particular problem for insects, which comprise 80% of the world's biodiversity, and many of which are highly at risk but have suffered from lack of attention at the expense of more charismatic fauna (New 1995; Schultz & Chang 1998) . In the United States, only a small percentage of insect species are formally protected. Of 1763 species protected by the U.S. Endangered Species Act (ESA), only 41 are insects (U.S.
Fish and Wildlife Service [USFWS] 2001 c ).
Similarly, insects comprise only 10% of species on the World Conservation Union ( IUCN ) Red List ( Hilton-Taylor 2000 ) . Not only are few insects protected, but limited knowledge of their biology hampers conservation planning for those species that are protected.
Several aspects of insect ecology make their conservation challenging. Insect populations often experience large swings in population size from year to year ( e.g., Ito 1980; Schultz & Chang 1998 ) . The resulting high variability in population growth rate is a particular concern in the planning of recovery strategies for listed insects. The ESA requires that quantitative metrics of recovery be included in recovery plans, referring explicitly to the need for "objective, measurable criteria" on which to base listing decisions ( U.S. Code 2001, 16 U.S.C. §1533 (f)(l)(B)(ii)).
Population viability analysis (PVA), a quantitative tool conservation biologists use to predict the future status of endangered species, is helpful in developing specific, measurable recovery criteria for listed species (Gerber & DeMaster 1999; . However, most population viability analyses focus on large and long-lived vertebrate species that experience relatively small changes in population size from year to year (e.g., Northern Spotted Owls [ Strix occidentalis caurina ]; Lamberson et al. 1994 ; also see Gardenfors 2000) . Lack of extensive background data also hinders conservation planning for rare insect species. Demographic data and decades-long time series are often available only for the most intensely studied species ( Coulson et al. 2001 ). However, developments in PVA include diffusion-approximation methods that rely on less intensive data, such as shorter time series and population surveys, data that are more often available for rare insect populations (Morris et al. 1999 ). The diffusion-approximation method has been strongly criticized by some and cautiously advocated by others (Morris & Doak 2002; Wilcox & Possingham 2002 ) . These methods are useful when conclusions are interpreted within the bounds of confidence in the data and model assumptions and when they are used as only one aspect of planning a conservation strategy for an endangered species.
We had two goals. We investigated the extent to which recovery plans for listed insects establish quantitative recovery criteria linked clearly to the species' biology, and we evaluated the population viability of a recently listed butterfly-Fender's blue butterfly, Icaricia icarioides fenderi-to develop methods to connect recovery criteria to the biology of insect species of interest. The Fender's blue is a good species of interest for this study because the USFWS listed the butterfly as endangered in 2000 and is now actively developing a recovery plan for this species (USFWS 2000) . In addition, the Fender's blue population has been surveyed for 10 years, and there are now several sites for which there are least 8 years of survey data, a minimally sufficient amount of data with which to investigate population viability (Morris et al. 1999) . Our analyses will aid in USFWS planning for the Fender's blue and in designing recovery strategies for other listed insect species.
Methods

Review of Listed Insect Species
Of 41 insects listed under the ESA as of 1999, 28 had recovery plans. We reviewed 27 recovery plans for listed insects, 17 for lepidoptera species, and 10 for other insect species (Table 1) . Of these, 10 were written before 1990 and 17 were written since then. The U.S. changed the law in 1988 to require that recovery plans specify "objective, measurable" recovery criteria, so the later plans may be a better sample of the type of recovery criteria that might be appropriate for the Fender's blue butterfly. We placed recovery criteria for insect plans into four categories: specified minimum population size or growth rate, specified duration for minimum population size or growth rate, metapopulation criteria, and criteria regarding permanent habitat protection and/or management. For minimum population size or growth rate, we delineated four types of criteria: no criteria, a "self-sustaining" population, a minimum population size specified, or a stable or increasing population growth rate required. We considered the latter two to be quantitative recovery criteria.
Developing Recovery Criteria for Endangered Insects
FOCAL STUDY SPECIES
The USFWS listed the Fender's blue butterfly as endangered because of its low population size and limited remaining habitat ( USFWS 2000 ) . The butterfly lives exclusively in patches of Willamette Valley prairies in Oregon that support its larval host plants, Kincaid's lupine (Lupinus sulphureus kincaidii) or spur lupine (Lupinus arbustus ). Less than 1% of the prairies remain, and nonindigenous plants are quickly invading these last patches (Alverson 1993; Agee 1996; Wilson et al. 2003) .
POPULATION SURVEYS
We surveyed Fender's blue butterfly populations across their range, which includes four Oregon counties in the Willamette Valley: Benton, Lane, Polk, and Yamhill (Table 2 ). Surveys in Benton, Polk, and Yamhill counties were conducted by counting all observed butterflies on two to four occasions each year during the peak of butterfly emergence. Surveys in Lane County were conducted by combining two common methods of estimating butterfly population size: mark-recapture-release (MRR) and a walking transect method ( Pollard & Yates 1993 ) . We surveyed every 7-10 days during the flight period and used a calibration method to minimize double-counting between surveys and to account for missed individuals between surveys. A complete discussion of the latter survey method is described by Schultz and Dlugosch (1999) . We surveyed 18 sites between 1992 and 2001. Six population surveys represent a minimally sufficient number with which to estimate extinction risk, and more than 10 is a moderately sufficient number (Morris et al. 1999) . We omitted populations from the analysis if they had fewer than 6 survey years of data or went extinct during the study period. 
ESTIMATING EXTINCTION RISK
Population viability analysis is a set of tools developed over the last two decades to estimate a species' risk of extinction ( Boyce 1992; Beissinger & Westphal 1998; Caswell 2001; Morris & Doak 2002 ) . The methods rely on well-established mathematical theory, in conjunction with information about the demography and population dynamics of focal species. Developments in PVA theory include methods that have less-intensive data requirements than earlier approaches (e.g., Dennis et al. 1991) , but these methods require careful attention to assumptions so that practitioners do not overstep confidence in limited data (Ludwig 1999; Morris et al. 1999 Coulson et al. 2001; Wilcox & Possingham 2002) . This includes assuming that current conditions will persist over the next century, that observer error is minimal, and that population growth rate is not influenced by population density. For further discussion of model assumptions, see that of Morris et al. (1999) . We proceeded with caution despite these assumptions. A PVA is one of the most useful tools with which to project current conditions into the future based on our best knowledge of species biology, especially when used to direct conservation actions or decide among a suite of alternative management strategies (Lindenmayer & Possingham 1996; Brook et al. 2002; Morris & Doak 2002) . We used the methods of Morris et al. (1999) to assess extinction risk for populations of the Fender's blue butterfly. This approach involved using a simple linear regression with a series of population surveys to estimate two key population parameters: and 2 , where 2 is the variance in population growth rate. From these parameters we determined the average (geometric mean) population growth rate ( ): ϭ exp ( ϩ ( 2 /2)). Given these parameters, Morris et al. (1999) relied on an approach presented by Dennis et al. (1991) to use a diffusion approximation, the inverse Gaussian distribution, to describe the probability of quasi-extinction (Equation 16 from Dennis et al. 1991) . To calculate the probability of extinction over a given time horizon, the diffusion approximation required four parameters: initial population size ( N i ), an extinction threshold, , and 2 . Morris et al. (1999) outlined four key assumptions of this method (1) that the data represent an exhaustive count of individuals or a constant fraction of the population, (2) that variability between years is true environmental variability and not influenced by observer error, (3) that there are no extreme catastrophes or bonanza years, and (4) that population growth rate is not affected by density.
We investigated the probability of persistence and the validity of model assumptions for each Fender's blue population over a 100-year time horizon, given an extinction threshold of two butterflies and the population size observed in 2001. Although there is debate about what constitutes population viability, a common definition of acceptable extinction risk is that a population with a 95% probability of persisting 100 years has a sufficiently small extinction risk that the population can be considered secure (e.g. , Berger 1990; Hamilton & Moller 1995 ; but for a discussion of lack of consensus, see Shaffer et al. 2002 ) . To investigate the probability that at least one population in an area will persist ( e.g., Lane County), we calculated a pessimistic estimate and an optimistic estimate of persistence probability. The optimistic estimate assumed that all populations vary independently, such that each population had independent and 2 values. The probability that at least one population will persist for 100 years is where p i is the probability that, given n sites, site i will go extinct in 100 years.
The pessimistic estimate assumed that all populations fluctuate in unison. In this case, we summed all the butterflies in the focal region for each year of the survey and calculated one and one 2 value for the entire region of interest. For the latter calculations, we used data only from those years in which we surveyed all sites in the region of interest.
We examined the influence of independent versus covarying populations at several spatial scales. At the smallest scale, we calculated the two estimates of persistence probability by considering only those sites within 2 km of their neighbors. A Fender's blue is likely to fly about 1 km outside its habitat in its lifetime, and traveling more than 2 km would be an extremely rare event ( Schultz 1998a) . At the next scale, we considered all sites within a county. At the largest scale, we considered all surveyed sites.
DEVELOPING RECOVERY CRITERIA
To develop recovery criteria, we needed to know the minimum average growth rate required for a population to have a 95% probability of persistence for 100 years. We calculated the minimum growth rate assuming two levels of variance in growth rate. Population viability theory suggests that small populations experience demographic and environmental stochasticity, but in larger populations the predominant stochastic forces are environmental, not demographic (Lande 1993 ). Demographic stochasticity is random variation between individuals in a population, such as differences in fecundity or survivorship ( Primack 1998 ) . As population size increases, differences between individuals in a population average out and have little influence on overall population dynamics. Environmental stochasticity is random variation p at least one population will persist for 100 years ( )
caused by chance events such as weather patterns or changes in abundance of resources (Primack 1998 ). This source of variation influences both large and small populations. To include the effects of both demographic and environmental stochasticity, we calculated minimum growth rates given the variance observed across all populations. To consider the effects of only environmental stochasticity, we used the variance observed for those populations with a geometric mean population size Ͼ25 butterflies. We calculated the minimum growth rate needed for at least one population to persist for 100 years given that there are between 1 and 10 independent sites and that initial population sizes range from 100 to 1000 butterflies. Finally, we conducted a sensitivity analysis to investigate the influence of small changes in parameter values on the projections of extinction risk. In these analyses, we increased N i , 2 and by 1% and evaluated the subsequent changes in the probability of persistence.
Results
Review of Recovery Criteria for Listed Insects
Recovery plans written after 1990 were more quantitative and specific in their recovery criteria. In the reviewed recovery plans, significantly more of the plans written after 1990 contained quantitative recovery criteria for minimum population size or growth rate ( 2 1 ϭ 12.71, p ϭ 0.0004 ). Similarly, plans written after 1990 were more likely to specify a duration for which the minimum population size or growth rate should be maintained 2 1 ϭ 5.63, p ϭ 0.02). None of the plans set specific quantitative growth-rate criteria based on the population dynamics of the species of interest. Twentyfive of 27 plans broadly specified metapopulation features in terms of requiring that recovery include multiple population areas ( Table 1 ) . Of these, the average number of sites required was 8.2. Similarly, all but four of the recovery plans specified that plans for permanent habitat protection and management be in place before the species is delisted or downlisted.
Population Dynamics of the Fender's Blue
We surveyed 12 sites eight or more times between 1992 and 2001 (Table 2) . Population sizes fluctuated widely during that interval (Fig. 1) , with a total population size in 2001 of 1714 butterflies across the surveyed sites. Population growth rates across sites were not highly correlated, and sites that were closer together were not more likely to be correlated ( Fig. 2 ; linear regression, r 2 ϭ 0.01, p ϭ 0.58). For only 6 of 66 pairs of sites were the Pearson correlation coefficients significant, and none of these were significant once the analysis was corrected for multiple comparisons based on a conferring method. A short distance separates only one of these pairs: the main and north areas of Willow Creek were Ͻ300 m apart, which was the shortest distance between sites in the study.
The average population growth rate () across the 12 surveyed sites was 1.49, with an average variance ( 2 ) of 0.79. For sites with a geometric mean population size of Ͼ25, 2 ϭ 0.54. Population growth rate was weakly Hammond (1994 Hammond ( , 1997 Hammond ( , 1999 Hammond ( , 2000 Hammond ( , 2001 . References for Lane County survey data: Schultz (1994 Schultz ( , 1995 Schultz ( , 1996 Schultz ( , 1998b and correlated with population size (linear regression, slope ϭ Ϫ0.00097, r 2 ϭ 0.17, p ϭ 0.10), and variance was negatively correlated with population size (linear regression, slope ϭ Ϫ0.00112, r 2 ϭ 0.28, p ϭ 0.04). The site with the largest average growth rate, Eaton Lane, was strongly influenced by the last 2 survey years, in which the survey methods changed and the estimates increased from 2 butterflies in 1999 to 18 butterflies in 2000 to 36 butterflies in 2001. Due to the change in survey techniques and the unusually large percent change in population size, we omitted these 2 years of survey data (2000 and 2001) from the analyses.
Population Persistence for the Fender's Blue
The probability that a population would survive 100 years varied from Ͻ 0.01 at Gopher Valley to 0.92 at Butterfly Meadows (Table 3 ). Probability of persistence was not correlated with population size (geometric mean of the population size vs. probability of persistence for 100 years, r 2 ϭ 0.06, p ϭ 0.58).
Whether we considered sites as independent or not influenced regional probabilities of persistence (Table 3) . At Willow Creek, when the three parts of the site fluctuated independently, the probability that at least one population would persist for 100 years was 0.59 (Table 3) . When all three areas were grouped and summed as one population for each year of the survey, the probability that the population would survive dropped to 0.40. Similarly, in Lane County, when all six sites fluctuated independently, the probability that at least one population would persist for 100 years was 0.83. When we grouped nearby neighbors, those within 2 km of each other (Spires and Eaton Lane become one Fern Ridge population; Bailey Hill, main, and north areas become one Willow Creek population), the probability that at least one population would persist 100 years was 0.69. When we assumed that all six sites act as one site, however, the probability of persistence rose to 0.99. In Polk County, when all four populations fluctuated independently, the probability that at least one population would persist for 100 years was 0.22. When, instead, we considered all sites to be a single population, the probability of persistence dropped to 0.0003.
The calculations for regional persistence were sensitive to whether Butterfly Meadows was included in the analysis. This site was the largest unprotected population and had the lowest variance in population growth rate (Table 2 ). When we assumed that Butterfly Meadows was lost and we grouped nearby neighbors (sites within 2 km of each other) but considered all others independent, the probability that at least one site would survive dropped from 0.98 to 0.68 (Fig. 3) . In addition, if only Basket Butte and Willow Creek (the two large protected sites) were maintained as Fender's blue habitat, the probability of its persisting 100 years would drop to 0.43. Morris et al. (1999) . b Standard deviations were calculated via a nonparametric bootstrap approach suggested by Morris and Doak (2002 
Connecting Viability Analysis to Recovery Criteria for the Fender's Blue
Relative to the influence of 2 , initial population size (N i ) had little influence on determining the 95% probability of persisting 100 years (Fig. 4) . For example, given N i ϭ 100 and 2 ϭ 0.79, an average population growth rate of 1.93 was needed for one independent population to have a 95% probability of persisting 100 years. When N i ϭ 1000 and 2 ϭ 0.79, a population growth rate of 1.75 was needed for the population to have a 95% probability of persisting 100 years. In contrast, with 2 ϭ 0.54, needed population growth rate dropped to 1.58 when N i ϭ 100 and 1.47 when N i ϭ 1000. If there were several independent sites, the minimum average population growth rate needed to have 95% probability that at least one population would survive 100 years dropped substantially as the number of sites increased (Fig. 4) .
Sensitivity of Parameters to Small Changes
Estimates of the probability of persistence were much more sensitive to changes in 2 and in than changes in N i , given the range of parameters necessary to have a 95% probability of persisting 100 years in the scenarios above (Fig. 5) .
Discussion
Assuming that our model predictions provide a reasonable description of future Fender's blue population dynamics, our analysis uncovers several important aspects of population viability and conservation for the butterfly. First, given our best estimates of extinction risk, the Fender's blue butterfly is at high risk of extinction at most of its sites throughout its range (Table 3) . If current conditions persist, only at one site, Butterfly Meadows, would a population have a Ͼ90% chance of persisting 100 years. Second, because sites were generally uncorrelated across space, there is a high probability the species, as a whole, will survive. Regionally, the probability that at least 1 of 12 sites survives through the next century is almost 100% (Table 3) . Third, these methods can be used to develop quantitative recovery criteria that are well-connected to species biology. Based on observed levels of variance in growth rate, we can suggest the minimum average growth rate across a set of sites needed for the butterfly to be delisted.
The wide variation in extinction risk for Fender's blue populations was not surprising (Table 3) . However, we did expect that larger populations would be more secure. Of the three sites with populations greater than a few hundred butterflies, Basket Butte, Butterfly Meadows, and Willow Creek, only one of these had a reasonably high probability of surviving the next 100 years. This is particularly alarming because Butterfly Meadows is largely unprotected. Losing just Butterfly Meadows resulted in a Ͼ25% increased risk of regional extinction for the Fender's blue. In addition, if all populations were lost except Basket Butte and Willow Creek, the only large populations with protection, the chance that the Fender's blue would survive the next 100 years dropped to Ͻ50%. We note one caveat here. Due to the limited precision of these extinction risk estimates, we view these estimates of extinction risk as indications of the relative security of Fender's blue populations, rather than quantitative expectations (Table 3) .
Also unexpected was the lack of correlation between sites as distance between sites decreased. Both abiotic and biotic factors often lead to nearby sites having correlated population dynamics ( Harrison & Quinn 1989; Bjornstad et al. 1999; Ranta et al. 1999) . We suspect that differences in habitat quality and site management may account for some of the lack of correlation between sites.
Implicit in our approach is the assumption that within-patch extinction is irreversible. This is a reasonable assumption because, given limited dispersal of the Fender's blue, most remaining habitat is completely isolated (Schultz 1998a; Schultz et al. 2003) . However, con- Figure 4 . Population growth rate for Fender's blue butterfly needed to achieve a 95% probability that at least one site survives 100 years. servation planners are currently considering restoring stepping stones of habitat between remaining habitat patches. In addition, research on captive-rearing of Fender's blue is in its infancy, and we do not have the techniques necessary to captively rear Fender's blue butterflies with the aim of reintroducing them into vacant habitat . In the future, restoration and reintroduction may functionally connect remaining habitat patches so that within-patch extinction is no longer irreversible.
Recommended Recovery Criteria for Fender's Blue
For the Fender's blue population, there are three geographic regions of interest, the northern, central, and southern part of the distribution. The northern region includes populations in Polk and Yamhill counties, the central region includes populations in Benton County, and the southern region includes populations in Lane County. Biologists suggest that viable populations be sustained in each of these regions to maintain the full ecological and evolutionary range of the species .
To sustain a viable population in each region, we recommend that recovery criteria require a minimum average growth rate of 1.55 at three independent sites in each region. This recommendation is based on the minimum growth rate needed for a 95% probability that at least one site survives 100 years given N i ϭ 300 butterflies, 2 ϭ 0.79, and three independent sites ( Fig. 4 ). We realize that N i ϭ 300 butterflies is an arbitrary figure. Because N i has little influence on minimum growth rate, however, a different initial condition would only have a small influence on the resulting criteria. Maintaining several independent sites in each region is an important safety net in case a catastrophe such as a wildfire occurs. Other potential catastrophes include lethal pesticides going off-course from nearby forested and agricultural land. For downlisting, this average growth rate should be maintained for at least 10 years without indication of decline. Ten years is a relatively arbitrary amount of time but provides a period over which to reevaluate a population. Morris et al. (1999) consider 10 years of count data a "moderate" number of surveys from which extinction risk can be assessed. If, over this 10-year period 2 ϭ 0.54, the variance in growth rate observed in the larger populations, then delisting can be considered when a minimum growth rate of 1.35 across three independent sites in each region is observed for at least 25 years.
Achieving these recovery criteria will not be easy. Research with the Fender's blue indicates that patches of at least 5 ha of high-quality habitat are needed to maintain a viable population (Crone & Schultz 2003) . Few current sites are this size; and no sites include 5 ha of continuous high-quality habitat. Smaller sites can play an important role if they are close enough together to allow active movement of individuals between parts of a network (C.B.S. & E. Crone, unpublished analyses). In addition, significant advances in site management and restoration have been made in recent years. Fire and mowing can play an important role in improving sites that are currently under severe threat from exotic weeds and invasion by woody species ( Schultz & Crone 1998; M. V. Wilson, D. L. Clark, C. B. Schultz, unpublished analyses) . In addition, we are learning how to restore degraded agricultural fields as functioning Fender's blue habitat ( Schultz 2001) . With active site management and habitat restoration, there is high potential to achieve recovery goals.
Given the strong influence of environmental variability on population persistence, another management approach might be to concentrate on reducing variability in growth rate rather than maintaining a high average growth rate. To a large extent, variability in growth is determined by extrinsic factors that are beyond our control. One potential method of reducing variability might be to establish a lower population bound that would act as a trigger to initiate active habitat management (M. Burgman, personal communication). If population sizes below a minimum threshold were prevented by active habitat management, such as burning or weed removal, then populations might experience smaller fluctuations and variability in population growth rate might be reduced. This technique has promise in cases in which some populations are at risk and others are relatively healthy. In the case of the Fender's blue, most populations appear to be at risk and in need of active management. However, this approach to population management warrants future investigation.
Review of Model Assumptions
Several recent studies suggest limitations of PVA methods (e.g., Ludwig 1999; Fieberg & Ellner 2000; Reed et al. 2002; Wilcox & Possingham 2002) . Morris et al. (1999) outline four important assumptions of the approach of Dennis et al. (1991) to estimating extinction risk. We review them here as caveats for interpreting this analysis.
First, the method assumes that the population data represent an exhaustive count of all individuals or a constant fraction of the population. The survey methods we used involve counting all male butterflies and assuming an equal sex ratio of males and females. As noted above, although butterflies may be missed or double-counted during the surveys, we have attempted to reduce this problem with our survey methods. Second, the model assumes that year-to-year variation in the data represents true environmental variability and is not influenced by observer error. This is a common concern in interpreting the results of PVA models. For example, Holmes (2001) recently developed a method to separate the influence of process and observer error when estimating environmental stochasticity to assess extinction risk. Unfortunately, Holmes' method requires at least 15-20 years of data, and she cautions that using her method with 10 or fewer years of data results in an underestimate of process error. Meir and Fagan (2000) suggest, however, that systematic sampling biases rarely affect estimates of extinction risk and that, for typical time series used in conservation, we need not be concerned about resulting imperfections in our estimates of extinction risk. These errors will likely increase our estimate of environmental variance. Third, the model assumes that there are no catastrophes or "bonanza" years. The potential for both catastrophes and bonanza years seems high for an insect population with high fluctuations in population growth. In this case, these events have been eliminated from the data due to non-systematic sampling and insufficient survey effort.
Fourth, the model assumes that population growth rate is not affected by density. In this case, population growth rate was only weakly related to population size ( p ϭ 0.10), indicating a possible weak dependence on density. The dependence of population growth rate on density is not likely strong enough to have a significant influence on population projections given the observed population densities.
Another concern with PVA models is autocorrelation in time-series data in which a bad year leads to a string of bad years (positive autocorrelation) or a bad year is generally followed by a good year (negative autocorrelation; . Morris and Doak (2002) suggest using a Durbin-Watson d statistic to test for autocorrelation in count data. Given 12 Fender's blue populations in this study, we observed that there was no autocorrelation in 8 of the populations and that the test was inconclusive for the other 4 (C.B.S., unpublished analysis).
A final concern that needs to be addressed is the lack of precision with PVA predictions, especially in PVAs that rely on diffusion-approximation methods. Lack of precision limits our ability to make reliable predictions from short time series (Fieberg & Ellner 2000; Ellner et al. 2002) . For the Fender's blue, our confidence in any single estimate of extinction risk at a single site is low (Table 3) . With these large bounds, however, only a few populations have Ͼ95% chance of persisting 100 years. Given the lack of precision, several authors note that the best use of PVA is to direct conservation by assessing the relative effects of alternative management strategies (Reed et al. 2002) . We used PVA to set minimum standards that can be achieved by a variety of management approaches. When deciding among the relative merits of different management approaches, we can use these criteria to ask which management activities have the highest likelihood of meeting these criteria. By establishing "objective, measurable" recovery criteria in this manner, we suggest a repeatable way to reassess population status, direct when active management is required, and assess which management activities will have the largest influence.
The concerns about PVA, with its problems and pitfalls, are wide and varied. Together, these four assumptions and two other concerns suggest that the model projections for the Fender's blue should be interpreted with caution. At this point, however, PVA provides the most systematic method by which to project into the future our current knowledge of a species' status ( Brook et al. 2002) . When interpreted with caution, PVA provides a powerful tool to aid in developing recovery strategies and deciding between management alternatives for threatened and endangered species.
Recommendations for Recovery Criteria for Other Insects
Insect recovery plans rarely specify minimum levels of population growth (Table 1) . In cases for which recovery criteria refer to growth rate, little more than "stable" or "increasing" growth rate is indicated. "Stable" population growth rate is often interpreted as a growth rate of 1 and "increasing" as any growth rate of Ͼ1 (e.g., Ryan et al. 1993; Price & Kelly 1994; Hamilton & Moller 1995; Akçakaya et al. 1999) . Categorical inclusion of stable or increasing growth rate will be insufficient for most insects. If they experience high fluctuations in growth rate, substantially higher average growth rates will be required to maintain the population. Fortunately, survey data are often available because monitoring of endangered populations is increasingly required by recovery plans . Given basic survey data for a relatively short time period, estimates of variance in growth rates and of persistence time can be made. These estimates can be used to revise recovery criteria to reflect the biology of species of interest and the environment they are experiencing.
Although insect recovery plans lack quantitative criteria that can be used to assess population status, several features of the recent recovery criteria are encouraging. The fact that most recovery plans require multiple sites to be maintained is consistent with the increasing awareness of the influence of metapopulation dynamics on insect population dynamics. Insect populations tend to have larger fluctuations in population growth rate than vertebrate populations. This is important because, as Bascompte et al. (2002) find in theoretical models, as environmental variance increases, the number of patches required for population persistence increases. Similarly, most recovery plans require permanent habitat protection and management before delisting can be considered. Because habitat loss is the most common threat to endangered species, active protection and management of habitat is the only long-term way to address this threat.
Based on our analyses, we suggest three general conclusions. First, even with limited data, our approach provides a systematic framework within which to evaluate relative extinction risks based on current knowledge of species biology. For example, our analyses identified which populations are at particularly high risk of extinction and which play an unexpectedly significant role in the overall persistence of the species. Second, given the high variability in growth rate common in insect species, a minimum average growth rate of 1 is far from sufficient to maintain most insect populations. Although the exact magnitude of the minimum growth rate necessary for a population to have a 95% probability of surviving a century will be influenced by species biology as well as model assumptions, we suggest that, for insects, this minimum population growth rate is far higher than is generally expected by conservation planners. Finally, given that recovery plans are increasingly requiring the collection of basic monitoring data that makes this type of analysis possible (Morris et al. 1999) , identifying minimum population growth rates is a useful and feasible approach to developing "objective, measurable" recovery criteria for endangered insects.
